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Abstract. Banyukuwung Dam is located in the villages of Sukorejo and Sudo, Sumber District, 
Rembang Regency, Central Java Province. This dam was built in 1995-1997 to serve the needs 
of 7750 ha of irrigation water and 35 l/s of raw water needs. Dam type is homogeneous reservoir, 
has a height of 19.40 m above the riverbed and 25.40 m above the foundation excavation. The 
length of the dam peak is 181.00 m and the width is 5.00 m while the reservoir volume under 
normal water conditions is 1.64 million m3. Along with seasonal changes and extreme 
hydrological behavior and based on an investigation of current geotechnical conditions, stability 
analysis is needed based on these two conditions. It is very important to plan operational and 
maintenance activities related to the dam maintenance program. So that it is expected to be useful 
for the relevant agencies in making operational decisions. The purpose of this study was to 
determine the stability of the existing Banyukuwung dam based on the latest hydrological and 
geotechnical behavior. The results are expected to provide recommendations in the management, 
operation and maintenance of the dam manager 
Keywords: Banyukuwung reservoir, dam stability, hydrogeotechnical 
 
1. Introduction 
Water Resources are very important for humans because they are basic human needs. From all of 
the water on the surface of the earth, only 2.5% is in the form of fresh water. With this very limited 
amount, then needs the presence of protection on the existence of water resources and their optimal use. 
In the context of the maximum utilization of water sources, needed the development effort and good 
water management namely by building reservoirs to store water. Banyukuwung Dam is located in 
Sumber District, Rembang Regency, it was built in 1995 [2]. In general, the Dam is to collect water that 
is used to meet various needs including irrigation, raw water, flood control, tourism and others. Analysis 
of the existing Banyukuwung dam stabilization needs to be done considering the age of the building 
which is old and there are some symptoms of damage due to hydraulic behavior, so that the preservation 
of building functions will be maintained [1][2][3].   
2. Material and Methods 
2.1. Study Location 
The Study Location is Banyukuwung Dam which is located at the coordinate 06°46’51” S and 
111°19’18,9” E in Banyukuwung, Sukorejo and Sudo Village, Sumber Subdistrict, Rembang Regency, 
Central Java Province. 
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Figure 1. Location of Study 
 
Banyukuwung Dam was built to provide 35 l/s raw water estimated to be able to meet the water 
needs of ± 20,000 residents in Rembang Regency, especially Kaliori District; and to provide irrigation 
supplies of around 775 ha through the Pentil Weir [2]. 
 
2.2. Primary and secondary data collection 
Data needed in the processing of this study, among others [2][5]; 
1. Rainfall Data from Banyukuwung station for 1973-2017 
2. Map of the Indonesian Earthquake 2017 
3. Geotechnical investigation data of the foundation and body of Dam 
4. Cross section of Banyukuwung dam body 
5. Instrumentation measurement of standpipe Piezometer 
 
2.3. Study Stage 
The steps of this study are arranged systematically so that facilitate the completion of this analysis. 
The steps of the study that conducted are as follows [5][6]; 
1. Primary and secondary data collection 
2. Determine the regional rainfall 
3. Test the skewness of rainfall data 
4. Frequency analysis test  
5. Goodness of fit test 
6. Maximum annual daily rainfall 
7. Analysis of design flood discharge with the latest hydrological conditions 
8. Flood Routing  
9. Analysis of seepage in the body of the dam using the latest geotechnical data 
10. Analysis of dam body stability using Bishop modified  methods uses the latest soil sampling data 
 
2.4. Geotechnical Survey and Investigation 
A geotechnical investigation survey was conducted to find out the latest geotechnical parameters 
which include [5][11] 
1. Piezometer measurement 
2. Investigation of undisturbed sampling at : 
a. physical properties of landfill and foundation 
Sukorejo Village 
Rembang Regency 
Banyukuwung dam 
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b. mechanical properties of soil embankments and foundations 
c. Permeability of embankments and foundation. Investigation of land in the field was carried out 
by PT Supraharmonia in collaboration with the dam manager. The location of undisturbed 
sampling points is as follows: 
 
 
Figure 2. Drilling Bor location of soil properties investigation 
 
Table. 1. Coordinate of drilling bore and depth 
Location X Y Depth  
(m) 
DB-1 535460.61 9250423.01 15 m 
DB -2 535403.03 9250413.43 15 m 
DB -3 535398.74 9250439.85 10 m 
DB -4 535396.65 9250459.20 10 m 
DB -5 535327.03 9250448.97 10 m 
 
 5 (five) drilling point locations (2 @ 15 m and 3 @ 10 m accompanied by a standard penetration test) 
have been carried out accompanied by fairly undisturbed samples in several depths of soil. 
 
2.5. Hydrological Analysis 
      Hydrological analysis is done by comparing the analysis of rainfall and flood plans based on the 
results of analysis of studies in 1999, 2015 and present conditions. Hydrological calculations use basic 
rain data at Sulang and Sumber rain stations. Flood tracing is conducted to determine the modification 
of flood flow, to find out the maximum outflow discharge and maximum water level above the overflow 
threshold.  
Frequency analysis can be applied to river discharge or rain data using annual maximum data, the 
largest data that occurs during one year, measured over several years. There are several forms of 
continuous (theoretical) distribution functions, which are often used in frequency analysis for hydrology 
such as the Normal distribution, Normal Log, Gumbel, Pearson, Pearson Log, etc [8][15].
DB-5 
DB-1 
DB-2 
DB-3 
DB-4 
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Figure 3. Banyukuwung catchment area 
(11.20 km2) 
 
2.6. Design Flood Discharge 
Design Flood Discharge is a flood 
discharge used to plan the safety level of danger 
with the largest probability number. To analyze 
the design flood discharge can be done using the 
hydrograph method which is conducted using 
the assist of a synthetic unit hydrograph model 
and non-hydrographic methods carried out with 
the help of frequency analysis techniques.  
In this study conducted the comparison of 
Nakayasu Synthetic Unit Hydrograph method 
[17], Gamma I Synthetic Unit Hydrograph [16] 
and HSS ITB Synthetic Unit Hydrograph 
method [6][8] 
 
2.7. Flood Routing 
To obtain the flood water level on the dam 
body it is necessary to conduct flood routing to 
determine the outflow discharge of the flood 
storage in the reservoir [11][17].  
The width threshold type spillway is used 
with elevation and volume as follows [4][12]; 
Q = Cd × B × H3/2  ……….(1) 
With: 
Cd  = Discharge coefficient 
B = Diversion width (m) 
H = Water Level above the Spillway (m) 
 
T
a
b
le
 2
. 
S
o
il
 d
at
a 
o
f 
d
ri
ll
in
g
 b
o
re
 f
ro
m
 l
ab
o
ra
to
ry
 t
es
t 
S
a
m
p
le
 N
o
. 
1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 
9
 
1
0
 
1
1
 
1
2
 
1
3
 
1
4
 
1
5
 
B
o
re
h
o
le
 N
o
. 
D
B
-1
 
D
B
-2
 
D
B
-3
 
D
B
-4
 
D
B
-5
 
S
am
p
le
 d
ep
th
, 
m
 
2
 –
 2
.5
 
8
 –
 8
.5
 
1
2
-1
2
.5
 
0
.5
-1
 
6
-6
.5
 
1
4
-1
4
.5
 
2
-2
.5
 
4
-4
.5
 
8
-8
.5
 
2
-2
.5
 
4
-4
.5
 
6
-6
.5
 
0
.5
-1
 
4
-4
.5
 
8
-8
.5
 
S
p
ec
if
ic
 g
ra
v
it
y
, 
G
s 
2
.5
3
 
2
.5
2
 
2
.5
2
 
2
.6
1
 
2
.6
9
 
2
.7
1
 
2
.6
8
 
2
.6
5
 
2
.6
9
 
2
.6
6
 
2
.6
9
 
2
.7
 
2
.5
4
 
2
.6
4
 
2
.7
 
L
iq
u
id
 L
im
it
 (
L
L
) 
5
2
 
5
5
 
4
5
 
8
5
 
4
0
 
3
1
 
3
8
 
4
2
 
3
9
 
3
7
 
3
9
 
3
8
 
5
3
 
3
5
 
3
1
 
P
la
st
ic
 L
im
it
 (
L
L
) 
1
7
 
2
1
 
1
9
 
3
3
 
2
8
 
2
4
 
3
0
 
3
4
 
3
0
 
3
0
 
3
0
 
2
7
 
2
0
 
2
7
 
2
4
 
S
h
ri
n
k
ag
e 
L
im
it
 (
S
L
) 
1
0
 
1
1
 
1
1
 
1
2
 
1
9
 
1
9
 
2
4
 
2
3
 
2
4
 
1
5
 
1
2
 
1
0
 
8
 
1
3
 
1
1
 
In
d
ek
s 
P
la
st
ic
it
y
 (
IP
) 
3
5
 
3
4
 
2
6
 
5
2
 
1
2
 
7
 
8
 
8
 
9
 
7
 
0
 
1
1
 
3
3
 
8
 
7
 
L
iq
u
id
it
y
 I
n
d
ek
s 
(L
I)
 
0
.8
3
 
0
.6
8
 
0
.6
5
 
0
.5
4
 
0
.5
8
 
0
.1
4
 
0
.5
 
0
.2
5
 
0
.1
1
 
0
.2
9
 
0
.1
1
 
0
.1
8
 
0
.8
5
 
1
.6
3
 
0
.1
4
 
W
et
 D
en
si
ty
, 
g
r/
cm
3
 
1
.6
2
 
1
.6
 
1
.6
5
 
1
.5
4
 
1
.7
6
 
1
.8
9
 
1
.8
8
 
1
.8
4
 
1
.9
2
 
1
.9
0
 
1
.9
2
 
1
.9
5
 
1
.6
1
 
1
.7
7
 
1
.8
8
 
D
ry
 D
en
si
ty
, 
g
r/
cm
3
 
1
.1
1
 
1
.1
1
 
1
.2
1
 
0
.9
6
 
1
.3
 
1
.5
1
 
1
.4
 
1
.3
5
 
1
.4
7
 
1
.4
4
 
1
.4
7
 
1
.5
1
 
1
.0
9
 
1
.3
4
 
1
.5
 
N
at
u
ra
l 
w
at
er
 c
o
n
te
n
t,
 %
 
4
6
 
4
4
 
3
6
 
6
1
 
3
5
 
2
5
 
3
4
 
3
6
 
3
1
 
3
2
 
3
1
 
2
9
 
4
8
 
3
2
 
2
5
 
P
o
ro
si
ty
 
0
.5
6
 
0
.5
6
 
0
.5
2
 
0
.6
3
 
0
.5
2
 
0
.4
4
 
0
.4
8
 
0
.4
9
 
0
.4
6
 
0
.4
6
 
0
.4
6
 
0
.4
4
 
0
.5
7
 
1
.4
9
 
0
.4
4
 
V
o
id
 R
as
io
 
1
.2
6
 
1
.2
7
 
1
.0
8
 
1
.7
3
 
1
.0
6
 
0
.7
9
 
0
.9
1
 
0
.9
6
 
0
.8
4
 
0
.8
5
 
0
.8
4
 
0
.7
9
 
1
.3
3
 
0
.8
7
 
0
.8
 
U
S
C
S
 C
la
ss
if
ic
at
io
n
 
C
H
 
C
H
 
C
L
 
C
H
 
M
L
 
M
L
 
M
L
 
M
L
 
M
L
 
M
L
 
M
L
 
M
L
 
C
H
 
M
L
 
M
L
 
 
  
 
 
Civil and Environmental Science Journal 
Vol. III, No. 02, pp. 001-012, 2020 
 
 
 
5 
 
In many cases, to build a fill type dam it is expected to be able to calculate the stability of the talud 
in order to check the safety of the natural talud, the cut talud, and the fill talud obtained. [1][2]. To 
determine the condition of the stability of the dam slope, used the modified Bishop Method. Bishop 
introduced a more thorough solution than a simple slice method. In this method, the effect of the forces 
on the edge of each slice is taken into account, as follows [3][4][5][14]. 
 
Tr=  𝑁𝑟  𝑡𝑎𝑛( 𝜑𝑑) + 𝑐𝑑 𝛥𝐿𝑛 = 𝑁𝑟 (
𝑡𝑎𝑛 𝜑
𝐹𝑠
) +
𝑐 𝛥𝐿𝑛
𝐹𝑠
 …………………………………….. (2) 
 
𝑁𝑟 =
𝑊𝑛+𝛥𝑇−
𝑐 𝛥𝐿𝑛
𝐹𝑠
 𝑠𝑖𝑛 𝛼𝑛
𝑐𝑜𝑠  𝛼𝑛+
𝑡𝑎𝑛  𝜑  𝑠𝑖𝑛  𝛼𝑛
𝐹𝑠
    ……....……………………………………………………….. (3) 
 
𝐹𝑠 =
∑ (𝑐𝑏𝑛+𝑊𝑛  𝑡𝑎𝑛 𝜑) 
1
𝑚𝛼 (𝑛)
𝑛=𝑝
𝑛=1
∑ 𝑊𝑛
𝑛=𝑝
𝑛=1  𝑠𝑖𝑛  𝛼𝑛
   ………………………………………………………….. (4) 
 
 
2.8. Stability against Seepage 
Seepage through dam bodies, foundations, abutment, or hills around the reservoir must be 
controlled, so that excessive uplift force may not occur. 
The safety of soil fill type dam can be calculated based on the following formula [5]; 
𝐹𝑠 =
𝐼𝑐
𝐼𝑒
≥ 4 …………………………………………………………………………......... (5) 
 
3. Result and Discussion 
3. 1. Rain storm and Design Flood 
Based on the results of frequency analysis based on rainfall data at Banyukuwung Station, obtained 
rainfall design and design flood as follows: 
 
Table 3. Recapitulation of the calculation results of Rain storm – Design Flood - Return period (Tr) 
Tr 
Rain storm 
R (mm) 
Design flood 
Q (m3/s) 
1999 2015     2016 2019 1999 2015     2016 2019 
10 140.77 98.08 108.91 99.57 140.77 98.08 108.91 99.57 
100 216.07 114.64 127.75 124.68 216.07 114.64 127.75 124.68 
1000 308.18 126.75 141.53 140.71 308.18 126.75 141.53 140.71 
PMP 700 315.53 317 260.60 700 315.53 317 260.60 
 
Based on the above analysis, it can be seen that there was a decrease in design flood discharge when 
compared to the data ranges of the previous year (2015 and 2016). While the difference is significant in 
1999, because the catchment area of the reservoir studied was different. Table 4 shows the results of the 
calculation of the rainfall and flood design with return periode each T = 50, 100 and 1000 years. 
Moreover, it is also compared with condition of 0.5 PMF (probable maximum flood) and PMF. 
 
  
 
 
Civil and Environmental Science Journal 
Vol. III, No. 02, pp. 001-012, 2020 
 
 
 
6 
 
  
 
T
a
b
le
 4
. 
T
h
e 
re
su
lt
s 
o
f 
th
e 
ca
lc
u
la
ti
o
n
 o
f 
ra
in
fa
ll
 a
n
d
 f
lo
o
d
 d
es
ig
n
 i
n
 v
ar
io
u
s 
T
 (
re
tu
rn
 p
er
io
d
e)
 M
o
n
o
n
o
b
e 
(1
h
r)
 
 
T
 
R
ai
n
fa
ll
 
d
es
ig
n
 
In
fl
o
w
 o
f 
d
es
ig
n
 
fl
o
o
d
 
O
u
tf
lo
w
 o
f 
d
es
ig
n
 f
lo
o
d
 
N
o
te
 
N
ak
ay
as
u
 
S
n
y
d
er
 
N
ak
ay
as
u
 
E
le
v
at
io
n
 
H
d
 
F
re
eb
o
ar
d
 
S
n
y
d
er
 
E
le
v
at
io
n
 
H
d
 
F
re
eb
o
ar
d
 
 
(y
ea
r)
 
(m
m
) 
(m
3
/s
) 
(m
3
/s
) 
(m
3
/s
) 
(m
) 
(m
) 
(m
) 
(m
3
/s
) 
(m
) 
(m
) 
(m
) 
 
5
0
 
1
1
8
.5
1
 
1
1
1
.0
8
 
5
9
.6
6
 
6
3
.8
9
 
5
3
.2
2
 
1
.7
2
 
0
.7
8
 
4
7
.1
2
 
5
2
.8
9
 
1
.3
9
 
1
.1
1
 
 
1
0
0
 
1
2
4
.6
8
 
1
1
6
.8
5
 
6
2
.7
5
 
6
7
.3
2
 
5
3
.2
8
 
1
.7
8
 
0
.7
2
 
4
9
.7
4
 
5
2
.9
4
 
1
.4
4
 
1
.0
6
 
 
1
0
0
0
 
1
4
0
.7
1
 
1
3
1
.8
5
 
7
0
.7
9
 
7
6
.2
9
 
5
3
.4
4
 
1
.9
4
 
0
.5
6
 
5
6
.5
5
 
5
3
.0
7
 
1
.5
7
 
0
.9
3
 
 
0
.5
 P
M
F
 
1
3
0
.3
0
 
1
2
1
.9
8
 
6
5
.4
4
 
7
0
.3
4
 
5
3
.4
4
 
1
.8
4
 
0
.6
6
 
5
1
.9
8
 
5
2
.9
8
 
1
.4
8
 
1
.0
2
 
 
P
M
F
 
2
6
0
.6
0
 
2
4
3
.9
7
 
1
3
0
.8
9
 
1
4
4
.9
5
 
5
4
.4
7
 
2
.9
7
 
-0
.4
7
 
1
0
9
.1
1
 
5
3
.9
7
 
2
.4
7
 
0
.0
3
 
o
v
er
to
p
p
in
g
 
P
M
F
7
5
0
 
7
5
0
.0
0
 
7
0
1
.6
7
 
3
7
6
.2
2
 
4
3
3
.1
5
 
5
8
.2
7
 
6
.7
7
 
-4
.2
7
 
3
3
1
.9
1
 
5
6
.9
 
5
.4
0
 
-2
.9
0
 
o
v
er
to
p
p
in
g
 
P
M
F
 
E
m
er
g
en
cy
 
sp
il
lw
ay
 
2
6
0
.6
0
 
2
4
3
.9
7
 
1
3
0
.8
9
 
1
3
3
.9
8
 
5
3
.2
5
 
1
.7
5
 
0
.7
5
 
8
1
.4
9
 
5
2
.7
6
 
1
.2
6
 
1
.2
4
 
 
P
M
F
 
7
5
0
E
m
er
g
en
cy
 
sp
il
lw
ay
 
7
5
0
.0
 
7
0
1
.6
7
 
3
7
6
.2
2
 
3
9
8
.3
4
 
5
6
.1
3
 
3
.6
3
 
-1
.1
3
 
2
8
8
.7
3
 
5
4
.4
3
 
2
.9
3
 
-0
.4
3
 
o
v
er
to
p
p
in
g
 
 
P
S
A
-0
7
 T
 
R
ai
n
fa
ll
 
d
es
ig
n
 
In
fl
o
w
 o
f 
d
es
ig
n
 f
lo
o
d
 
O
u
tf
lo
w
 o
f 
d
es
ig
n
 f
lo
o
d
 
N
o
te
 
N
ak
ay
as
u
 
S
n
y
d
er
 
N
ak
ay
as
u
 
E
le
v
at
io
n
 
H
d
 
F
re
eb
o
ar
d
 
S
n
y
d
er
 
E
le
v
at
io
n
 
H
d
 
F
re
eb
o
ar
d
 
 
(y
ea
r)
 
(m
m
) 
(m
3
/s
) 
(m
3
/s
) 
(m
3
/s
) 
(m
) 
(m
) 
(m
) 
(m
3
/s
) 
(m
) 
(m
) 
(m
) 
 
5
0
 
5
9
.1
8
 
9
4
.4
5
 
6
7
.6
6
 
2
6
.2
4
 
5
2
.4
5
 
0
.9
5
 
1
.5
5
 
5
3
.3
6
 
5
3
.0
1
 
1
.5
1
 
0
.9
9
 
 
1
0
0
 
6
2
.2
7
 
9
9
.3
9
 
7
1
.2
4
 
2
7
.8
9
 
5
2
.4
9
 
0
.9
9
 
1
.5
1
 
5
6
.4
8
 
5
3
.0
7
 
1
.5
7
 
0
.9
3
 
 
1
0
0
0
 
7
0
.3
1
 
1
1
2
.2
3
 
8
0
.5
5
 
3
2
.2
8
 
5
2
.5
9
 
1
.0
9
 
1
.4
1
 
6
4
.6
1
 
5
3
.2
2
 
1
.7
2
 
0
.7
8
 
 
0
.5
 P
M
F
 
6
5
.2
1
 
1
0
4
.1
3
 
7
5
.1
0
 
2
9
.3
9
 
5
2
.5
2
 
1
.0
2
 
1
.4
8
 
5
9
.9
0
 
5
3
.1
4
 
1
.6
4
 
0
.8
6
 
 
P
M
F
 
1
3
0
.4
3
 
2
0
8
.2
6
 
1
5
0
.2
0
 
6
8
.8
7
 
5
3
.3
3
 
1
.8
3
 
0
.6
7
 
1
2
7
.1
4
 
5
4
.2
4
 
2
.7
4
 
-0
.2
4
 
o
v
er
to
p
p
in
g
 
P
M
F
 7
5
0
 
3
7
5
.8
4
 
6
0
0
.5
1
 
4
3
6
.5
6
 
2
1
7
.6
2
 
5
5
.6
7
 
4
.1
7
 
-1
.6
7
 
3
5
3
.3
9
 
5
7
.6
3
 
6
.1
3
 
-3
.6
3
 
o
v
er
to
p
p
in
g
 
P
M
F
 
E
m
er
g
en
cy
 
sp
il
lw
ay
 
1
3
0
.4
3
 
2
0
8
.2
6
 
1
5
0
.2
0
 
3
5
.9
8
 
5
2
.2
3
 
0
.7
3
 
1
.7
7
 
8
1
.6
3
 
5
2
.7
6
 
1
.2
6
 
1
.2
4
 
 
P
M
F
 7
5
0
 
E
m
er
g
en
cy
 
sp
il
lw
ay
 
3
7
5
.8
4
 
6
0
0
.5
1
 
4
3
6
.5
6
 
1
4
4
.6
4
 
5
3
.3
5
 
1
.8
5
 
0
.6
5
 
3
3
0
.5
1
 
5
4
.7
0
 
3
.2
0
 
-0
.7
0
 
o
v
er
to
p
p
in
g
 
 
  
 
 
Civil and Environmental Science Journal 
Vol. III, No. 02, pp. 001-012, 2020 
 
 
 
7 
 
  
IT
B
 1
 a
n
d
 I
T
B
 2
 (
R
 =
 m
o
n
o
n
o
b
e 
6
 h
o
u
r)
 
T
 
R
ai
n
fa
ll
 
d
es
ig
n
 
In
fl
o
w
 o
f 
d
es
ig
n
 f
lo
o
d
 
O
u
tf
lo
w
 o
f 
d
es
ig
n
 f
lo
o
d
 
N
o
te
 
N
ak
ay
as
u
 
S
n
y
d
er
 
N
ak
ay
as
u
 
E
le
v
at
io
n
 
H
d
 
F
re
eb
o
ar
d
 
S
n
y
d
er
 
E
le
v
at
io
n
 
H
d
 
F
re
eb
o
ar
d
 
 
(y
ea
r)
 
(m
m
) 
(m
3
/s
) 
(m
3
/s
) 
(m
3
/s
) 
(m
) 
(m
) 
(m
) 
(m
3
/s
) 
(m
) 
(m
) 
(m
) 
 
5
0
 
1
1
8
.5
1
 
5
8
.2
9
 
7
5
.5
0
 
2
1
.1
0
 
5
2
.3
1
 
0
.8
1
 
1
.6
9
 
2
1
.3
6
 
5
2
.3
2
 
0
.8
2
 
1
.6
8
 
 
1
0
0
 
1
2
4
.6
8
 
6
1
.3
1
 
7
9
.4
2
 
2
2
.3
9
 
5
2
.3
5
 
0
.8
5
 
1
.6
5
 
2
2
.6
2
 
5
2
.3
6
 
0
.8
5
 
1
.6
4
 
 
1
0
0
0
 
1
4
0
.7
1
 
6
9
.1
6
 
8
9
.6
0
 
2
5
.7
3
 
5
2
.4
3
 
0
.9
3
 
1
.5
7
 
2
5
.8
9
 
5
2
.4
4
 
0
.9
4
 
1
.5
6
 
 
0
.5
 P
M
F
 
1
3
0
.3
0
 
6
3
.9
4
 
8
2
.8
6
 
2
3
.2
8
 
5
2
.3
7
 
0
.8
7
 
1
.6
3
 
2
3
.6
0
 
5
2
.3
8
 
0
.8
8
 
1
.6
2
 
 
P
M
F
 
2
6
0
.6
0
 
1
2
7
.8
7
 
1
6
5
.7
2
 
5
2
.6
7
 
5
3
.0
2
 
1
.5
2
 
0
.9
8
 
5
2
.6
6
 
5
3
.0
3
 
1
.5
3
 
0
.9
7
 
 
P
M
F
7
5
0
 
7
5
0
.0
 
3
6
7
.5
5
 
4
7
6
.4
8
 
1
8
2
.6
0
 
5
5
.1
2
 
3
.6
2
 
-1
.1
2
 
1
8
8
.8
9
 
5
5
.2
6
 
3
.7
6
 
-1
.2
6
 
o
v
er
to
p
p
in
g
 
P
M
F
 
E
m
er
g
en
cy
 
sp
il
lw
ay
 
7
5
0
.0
 
3
6
7
.5
5
 
4
7
6
.4
8
 
7
5
.9
6
 
5
2
.7
0
 
1
.2
0
 
1
.3
0
 
8
1
.7
8
 
5
2
.7
6
 
1
.2
6
 
1
.2
4
 
 
 I
T
B
 1
 a
n
d
 I
T
B
 2
 (
P
S
A
 0
0
7
 =
 1
2
 h
o
u
r)
 
T
 
R
ai
n
fa
ll
 
d
es
ig
n
 
In
fl
o
w
 o
f 
d
es
ig
n
 f
lo
o
d
 
O
u
tf
lo
w
 o
f 
d
es
ig
n
 f
lo
o
d
 
N
o
te
 
N
ak
ay
as
u
 
S
n
y
d
er
 
N
ak
ay
as
u
 
E
le
v
at
io
n
 
H
d
 
F
re
eb
o
ar
d
 
S
n
y
d
er
 
E
le
v
at
io
n
 
H
d
 
F
re
eb
o
ar
d
 
 
(y
ea
r)
 
(m
m
) 
(m
3
/s
) 
(m
3
/s
) 
(m
3
/s
) 
(m
) 
(m
) 
(m
) 
(m
3
/s
) 
(m
) 
(m
) 
(m
) 
 
5
0
 
5
9
.1
8
 
5
8
.8
3
 
6
5
.0
1
 
2
4
.3
1
 
5
2
.3
9
 
0
.8
9
 
1
.6
1
 
2
3
.2
1
 
5
2
.3
7
 
0
.8
7
 
1
.6
3
 
 
1
0
0
 
6
2
.2
7
 
6
1
.9
2
 
6
8
.4
2
 
2
5
.8
5
 
5
2
.4
3
 
0
.9
3
 
1
.5
7
 
2
4
.6
4
 
5
2
.4
0
 
0
.9
0
 
1
.6
0
 
 
1
0
0
0
 
7
0
.3
1
 
6
9
.9
4
 
7
7
.2
7
 
2
9
.8
8
 
5
2
.5
3
 
1
.0
3
 
1
.4
7
 
2
8
.4
9
 
5
2
.5
0
 
1
.0
 
1
.5
0
 
 
0
.5
 P
M
F
 
6
5
.2
1
 
6
4
.9
7
 
7
1
.7
4
 
2
7
.2
5
 
5
2
.4
7
 
0
.9
7
 
1
.5
3
 
2
5
.9
9
 
5
2
.4
4
 
0
.9
4
 
1
.5
6
 
 
P
M
F
 
1
3
0
.4
3
 
1
2
9
.9
3
 
1
4
3
.4
8
 
6
2
.3
1
 
5
3
.2
0
 
1
.7
0
 
0
.8
0
 
5
9
.5
5
 
5
3
.1
5
 
1
.6
5
 
0
.8
5
 
 
P
M
F
 7
5
0
 
3
7
5
.8
4
 
3
7
5
.2
1
 
4
1
4
.1
3
 
2
1
9
.5
5
 
5
5
.6
0
 
4
.1
0
 
-1
.6
 
2
1
0
.4
7
 
5
5
.5
1
 
4
.0
1
 
-1
.5
1
 
o
v
er
to
p
p
in
g
 
P
M
F
 
E
m
er
g
en
cy
 
sp
il
lw
ay
 
3
7
5
.8
4
 
3
7
5
.2
1
 
4
1
4
.1
3
 
7
8
.7
4
 
5
2
.7
3
 
1
.2
3
 
1
.2
7
 
8
1
.8
9
 
5
2
.7
6
 
1
.2
6
 
1
.2
4
 
 
N
o
te
d
: 
E
le
v
at
io
n
 o
f 
sp
il
lw
ay
 =
 5
1
.5
 m
; 
E
le
v
at
io
n
 o
f 
d
am
 =
 5
4
.0
 m
 
 
  
 
 
Civil and Environmental Science Journal 
Vol. III, No. 02, pp. 001-012, 2020 
 
 
 
8 
 
Based on the results of the flood discharge analysis above it can be seen that the condition of the Dam 
is safe against flood discharge of 0.5x QPMF and below. However, it is not safe against QPMF discharge, 
overtopping will occur, and the watch height is less than the required minimum of 0.75 m. However, if 
an emergency spillway is utilized, the condition is still safe from QPMF flooding. Based on field 
conditions, the emergency spillway is tending to solidify because it is used as a traffic access for 
residents in the fields/rice fields. 
 
3. 2. Reservoir Capacity 
      Based on the results of the latest bathymetry measurements, it is known that the reservoir volume at 
Normally Water Level (NWL) is 1,764,897 m3. While based on the results of a previous study in 1999 
from PT.Indrakarya [2] the volume of reservoir was 2,293,800 m3, this shows that there was a reduction 
in sediment by 0.529 million m3, within a period of 19 years or sediment deposition of 27.84 m3/ year. 
The curved graph of the Banyukuwung Reservoir Capacity results of the latest bathymetry 
measurements are as follows Figure 4. 
 
 
 
Figure 4. Reservoir capacity of Banyukuwung Dam on 2018 
 
3. 3. Dam Stability Analysis 
3.3.1.Geotechnical properties 
Banyukuwung Dam is a type of landfill with material in the form of grayish yellow clay to blackish 
gray with N values between 9/30 cm to 16/30 cm. Whereas in bedrock N values range from 45/30 cm 
to above 60 / 30cm. Permeability test shows that the pile material is waterproof, with k values ranging 
from 10-5 to 10-8 cm/s. In bedrock k values range from 10-6 to 10-9 cm/sec. The results of laboratory 
analysis of soil mechanics show that the embankment has a specific gravity of 2.3 to 2.7 with a content 
weight of 1.51 - 2.07 gr/cc. Atterberg limit shows LL value of 60.8% - 69.9%, PL value = 17.6% - 
25.8%, and PI value = 40.4% - 44.1%, so it is included in the ML group (Silt- Low Plasticity). 
Consolidated Undrained (CU) triaxial test results the value of C '= 0.14 - 0.19 kg/cm2 and  = 30o - 31o. 
While the Unconsolidated Undrained (UU) triaxial results of C = 0.16 - 0.26 kg/cm2 and   = 22o - 29o 
while the consolidation parameters, Cc = 0.2498 - 0.3019. The area around the pool has hilly morphology 
with lithology of clay, silt, silty clay and clayey silt which is mostly agricultural land.  
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3.3.2.Seepage Analysis of dams 
The amount of seepage that comes out of the Dam body is calculated by finite element in the form of 
Flux, namely the discharge (Q) of the seepage that passes through the dam core [7]. The seepage analysis 
analyzed was at the Flood Water Level (FWL El. +52.5 m), Normal Water Level (NWL El. +51.5 m), 
and Lowest Water Level (LWL El. +42 m) shown if Figure 3 – 5. 
 
 
Figure 5. Seepage through Dam Body in FWL Conditions 
 
 
 
Figure 6. Dam Body Seepage in NWL Conditions 
 
 
 
Figure 7. Dam Body Seepage in LWL Conditions 
 
The results of seepage analysis on water level conditions are presented as follows: 
FWL +52.5 m = 9.36 x 10-9 m³/s/m 
NWL +51.5 m = 8.56 x 10-9 m³/s/m 
LWL +42 m = 1.11 x 10-9 m³/s/m 
Average = 6.34 x 10-9 m³/s/m x 352 m = 2.23 x 10-6 m³/s 
Average seepage capacity (2.23 x10-6 m³/s) <1% of the average Q of river inflow (1.69.10-4 
m³/s). Therefore, it can be seen the seepage capacity that occurs in the foundation and body of the 
Banyukuwung Dam still meets the requirements specified: 
- Q average river inflow = 0.016905 m³/s 
- 1% of the average river Q = 1.69.10-4 m³/s. 
 
3.3.3. Slope Stability Analysis 
Dam slope stability was analyzed using the Bishop Modification method produced as shown 
in Figure 8, for Optimum Base Eartquake (OBE) conditions with 100 years earthquake return period. 
The calculation results are then tabulated as follows. 
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Figure 8. Analysis of the dam slope stability with OBE earthquake load  
(Return periode T = 100 years) 
 
 
Table 5. Safety factor of OBE condition – water level (Upstream,Us/Downstream,Ds) 
Condition of dam FS 
Safety Factor 
Note y/H = 
0.25 
y/H = 
0.5 
y/H = 
0.75 
y/H = 1 
Us-empty 1.1 2.46 2.53 2.57 2.60 safe 
Ds-empty 1.1 2.64 2.73 2.78 2.81 safe 
Us -LWL 1.1 2.16 2.22 2.25 2.28 safe 
Ds-LWL 1.1 2.60 2.68 2.72 2.75 safe 
Us-NWL 1.1 2.41 2.51 2.56 2.61 safe 
Ds-NWL 1.1 2.00 2.07 2.10 2.14 safe 
Us-FWL 1.1 2.62 2.75 2.81 2.88 safe 
Ds-FWL 1.1 1.85 1.91 1.95 1.97 safe 
 
Results of dam slope stability analysis with Maximum Design Earthquake (MDE) - T = 3000 yr with 
Earthquake Map of the 2010, as follows Table 6. 
 
Table 6. Safety factor of MDE condition – water level (Upstream,Us/Downstream,Ds) 
Condition of Dam FS 
Safety Factor 
Note y/H = 
0.25 
y/H = 0.5 
y/H = 
0.75 
y/H = 1 
Us-empty 1.1 1.33 1.46 1.53 1.61 safe 
Ds-empty 1.1 1.31 1.46 1.54 1.62 safe 
Us -LWL 1.1 1.18 1.29 1.34 1.41 safe 
Ds-LWL 1.1 1.33 1.48 1.55 1.64 safe 
Us-NWL 1.1 1.10 1.28 1.28 1.36 safe 
Ds-NWL 1.1 0.98
* 1.09 1.15 1.21 Not Safe 
Us-FWL 1.1 1.11 1.24 1.31 1.40 safe 
Ds-FWL 1.1 0.911
* 1.01 1.07 1.13 Not safe 
 
Based on the table above it can be seen that the NWL and FWL conditions, with a ratio of y/H = 
0.25, the downstream slope conditions are less safe (critical) in the earthquake return period = 3000. 
Results of dam slope stability analysis with Maximum Design Earthquake (MDE) - T = 3000 yr with 
Map of the 2017 Earthquake, as follows Table 7. 
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Table 7. Safety factor of OBE condition – water level (Upstream,Us/Downstream,Ds) 
Condition of Dam FS 
Safety Factor 
Noted y/H = 
0.25 
y/H = 0.5 
y/H = 
0.75 
y/H = 1 
Us-empty 1.1 1.46 1.60 1.66 1.74 safe 
Ds-empty 1.1 1.46 1.61 1.69 1.77 safe 
Us -LWL 1.1 1.29 1.40 1.46 1.52 safe 
Ds-LWL 1.1 1.48 1.63 1.70 1.78 safe 
Us-NWL 1.1 1.29 1.35 1.42 1.50 safe 
Ds-NWL 1.1 1.10 1.21 1.27 1.33 safe 
Us-FWL 1.1 1.24 1.39 1.46 1.55 safe 
Ds-FWL 1.1 1.02* 1.12 1.17 1.23 Not safe 
 
Based on the table above, it can be seen that in the FWL condition, with a ratio of y/H = 0.25, the 
downstream slope condition is less safe (critical) in the earthquake return period = 3000 yr 
4. Conclusions 
Based on the results of the analysis above on the stability conditions of the Banyukuwung Dam, it 
can be concluded as follows: 
Under normal load conditions, the hydrological and flood hydraulic conditions are in the "sufficient" 
category, the seepage condition is safe and the review of the body structure aspects of the dam is "safe". 
Whereas in terms of dynamic (extraordinary) load conditions, the hydrological and flood hydraulic 
conditions of the category of "less", seepage conditions are safe, while the condition of the dam's body 
structure is "less safe". Consequently, the safety status of the dam is “ENOUGH”, but there is a threat 
to the hydrological/hydraulics conditions at the QPMF discharge potentially overtopping. While the 
stability of the dam slope there is a threat to the Maximum Design Earthquake (MDE), T = 3000 year 
dynamic load conditions. However, if we look at the design criteria for the Banyukuwung Dam, it was 
originally designed according to the small pond criteria, so that the above conditions are quite 
understandable that if a safety review is carried out based on the criteria of a large dam, there are a 
number of parameters that need to be adjusted accordingly. 
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